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1.0 INTRODUCTION

1.1 SITE LOCATTON AND DESCRIPTION

The Base Tank Farm is part of the Naval Supply Center (NSC), Charleston,
South Carolina. The NSC Base Tank Farm is located within the central
area of Naval Base South (NAVBASE Charleston) of the Charleston Naval

Complex. Figure l.1-1 shows the location of the NSC Base Tank Farm,

The Base Tank Farm is one of the two principal Petroleum, 0il, and
Lubricants (POL) storage facilities at NSC. The second primary POL
storage facility is the Chicora Tank Farm located approximately one-half
mile west of the Base Tank Farm. These two POL facilities store bulk
quantities of diesel fuel, Navy Special Fuel 0il (NSFO) and waste oil.
The facilities are connected to one another and to Pier K by underground

POL transmission pipelines.

1.2 CONTAMINATION HISTORY AND STATUS

Currently, five above ground steel storage tanks are in service at NSC
Base Tank Farm. These tanks are identified as 39-A, 39-D, 3900-E, 3900-F
and 3901~A, Three additional above ground storage tanks (two made of
concrete and one of steel), 3900-G, 3900-H and 39-J, have been disassem-
bled and removed due to continued leaking. A site plan is presented as
Figure 1.2-1. Tanks 39-A and 39-D were constructed in the early 1900's,
and the remaining tanks were constructed between 1936 and 1944. 1In 1974,
tanks 3900-G and 3900-H began leaking, concurrent with a change in tank
use from NSFO storage to Navy Distillate storage. Storage of diesel fuel
was attempted in 1975, but the tanks were unable to contain the less

viscous fuel. The tanks were taken out of ser#&te in 1975.
A leak developed in the bottom of tank 39-J in 1955 and the tank was

taken out of service. The tank was lined in 1979, and attempts made to

use the tank in 1979 and 1982. However, the tank would not hold fuel.

1-1
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During demolition of tanks 3900-G, 3900-H, and 39-J (February, 1986), the
contractor discovered petroleum product in the soils surrounding the tank
foundations., Subsequent inspection of the subsurface through shallow

boreholes revealed seeping product within 2 feet of the land surface near

tanks 3900~G and 3900-H.

1.3 OBJECTIVE AND SCOPE

The Naval Facilities Engineering Command (NAVFACENGCOM), Southern
Division, issued Contract No. N62467-86-C-0171 to ®nvironmental Science
and Engineering, Tnc. (ESE) in May, 1986 to conduct ground water investi-
gations at various locations. The objective of the investigation at the
Base Tank Farm is to determine to what extent specific fuels have contam-
inated the environment in the vicinity of dismantled storage tanks
3900-G, 3900-H, and 39J (storage tank capacities and fuel types which
have been stored at NSGC Base Tank Farm are listed in Table 1.3-1.). To
accomplish the objective, forty-three soil borings were constructed, fif-
teen soil samples collected, seven monitor wells ihstalled god sempled, !
and three surface water/sediment stations were sampled. The samples were
analyzed for benzene, toluene, and xylene (BTX) concentrations utilizing
EPA Method 602, and for total recoverable petroleum hydrocarbons (TRPH)

concentrations utilizing EPA Method 418.1.

On May 18-19, 1987, the seven (7) ground water monitor wells were re-

sampled and the water table elevations remeasured since drought condi-
tions had existed during the initial sampling program. In addition to
the compounds initially analyzed:for, the resampling analysis included

polynuclear aromatic hydrocarbons (PAHs) utilizing RPA Method 610.
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Table 1.3-1 Description of Bulk Storage Tanks in the Base Tank Farm

Tank Capacity

Identification (Barrels) Fuel Type Construction
39-A 17,500 WO AG-S
39-D 17,500 WO AG-S
39-J 17,500 Empty/Removed AG-S
3900~ 55,000 D AG-S
3900-F 55,000 D - AG-S
3900-G 55,000 Empty/Removed AG-C
3900-H 55,000 Empty/Removed AG-C
3901-A 2,500 WO AG-S
D = Diesel 0il
WO = Waste 0il
AG = Aboveground
S = Steel
C = Concrete

Source: The Chester Engineers, 1981
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2.0 ENVIRONMENTAL SETTING

2.1 CLIMATOLOGY |

Due to the proximity of the ocean, the climate of Charleston is mild and
temperate. Daily weather is controlled largely by the movemeant of
pressure systems across the country and by the diurnal effects of the
land-sea breeze. FExchanges of air masses are relatively few in summer,
when masses of warm, humid, maritime~tropical (mT) air persist for long
periods under Bermuda high pressure conditions. Winters are character-
ized by movements of frontal systems and by replacement of mT air with

cool, dry, continental-polar (cP) air.

Average daily temperatures recorded during each month by the National
Weather Service at the Charleston Municipal Airport are shown in

Table 2.1-1. The coldest mouth is January, when daily temperatures
typically range from approximately 37 to 60 degrees Fahrenheit (°F). In
July, the warmest woanth, the average dalily temperature extremes vary
between approximately 72 and 90°F. The smaller diurnal temperature
variation in summer is due to higher moisture conteat of the atmosphere
on the average day. The record high and low temperatures measured at the
airport are 102.9°F and 8.0°F, respectively. Normally, 60 days per year
temperatures will be at 90°F or above, while 33 days of the year freezingi
temperatures will predominate. The average first occurrence of freezing
temperatures is 10 October, while the average last occurrence is

19 February, (Army, 1976c; USSCS, 1971; NAVFAC, 1976).

The average annual rainfall in Charleston is 49.2 inches, with a summer
peak of more than 7.5 inches occurring in July. The four summer mouths
(June through September) experience more than 50 percent of the annual
rainfall. Rain storms during the summer are due to stroung coavective
atmospheric motioné, which trigger 72 percent of the average 57 thunder-
storms per year. Rainfall during the winter is generally associated with

the interface of ¢P frontal air masses replacing wT air. With the

%
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3 l Table 2.1-1 Annual and Monthly Climatological Data Recorded by the
| ’ National Weather Service at Charleston Mumicipal Airport,
| Charleston, South Carolina
l Normal Daily Normal Total Prevailing
Time Average Temperature, °F Precipitation Direction
. Year of Maximum Minimum (inches) of Winds
Record 1947-76 1947-76 1947-76 1962-76
l January 61.2 38.3 2.54 SW
February 62.5 40.4 3.29 NNE
l March 68.0 45.4 3.93 SSW
April 76.9 52.7 2.88 SSW
l May 83.9 61.8 3.61 s
June 89.2 69.1 4.98 S
July 89.2 72.0 7.71 SW
l August 88.8 70.5 6.61 SwW
September 84.9 66.2 5.83 NNE
l October 77.2 55.1 2.84 NNE
November 67.9 43.9 2.09 N
l December 61.3  38.6 2.85 g
' Annual 75.9 54.5 49.16 NNE,
l Source: Army, 1976.
' 2-2
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exception of the 7 inches dropped during the winter storm of

10-11 February 1973, only traces (less than 0.04 inch) of snow are
usually experienced, mostly in Jaauary and February (Army, 1976c; USSCS,
1971; NAVFAC, 1976).

The mean wind speed recorded at the Charleston Airport is 9 miles per
hour, with prevailing wind directions (Table 2.1-1) of north-northeast
during the winter months and south-southwest during the summer moaths
(Army, 1976c; USSCS, 1971; NAVFAC, 1976). Figure 2.1-1 represents a ten

year average wind directiou rose for Charleston Airport,

2.2 PHYSIOGRAPHY

NAVBASE Charleston is located on the eastern edge of a low, narrow finger
of land separating the Ashley and Cooper Rivers . The topography of the
area is typical of South Carolina's Lower Coastal Plain, with low relief
plaias broken only by the meandering courses of the many sluggish streams
and rivers flowing toward the coast and by an occasional marine terrace
escarpment. Topography at NAVBASE Charleston is essentially flat, with
elevations ranging from just over 20 feet in the northwestern part of the
base to sea level at the Cooper River. Much of the original topography
of NAVBASE Charleston has been modified by man's activities. The south-
ern end of the base originally was a tidal marsh drained by Shipyard
Creek and its tributaries. Over the last 70 years, this area has been
filled with both solid wastes and dredged spoil. Most of the base is
within the 100-year flood zone, which is below +10 feet mean sea level

(MSL) in elevation (ESE, 1981).

2.3 REGIONAL GEOLOGY

The geology of the Charleston area is characteristic of the southern part
of the Atlantic Coastal Plain. A seaward-thickening wedge of Cretaceous

and younger sediments is underlain by older igneous and metamorphic base-

ment rock (see Figure 2.3-1). Also, the wedge thins to the south/south-

east due to the influence of the Cape Fear Arch.
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NAVBASE Charleston is underlain by uncousolidated to weakly consolidated
Holocene to Miocene clastic sediments, composed of clays, organic~rich
clays, silts, and sands (Figure 2.3-2). These materials generally com-
prise the Talbot Terrace as modified by the Cooper River. The thickness
of this overburden is known in detail through the compilation of data
from extensive drilling. Overburden thickness in the NAVBASE area
varies, ranging form a maximum of greater than 82 feet in a north-north-
east-trending depression in the surface of the underlyiag the Cooper
Formation to the immediate west of the Cooper River, to less than 17 feet
in isolated areas. Average overburden thickness is approximately 35 feet
with thicker zones in the immediate vicinity of Cooper River

(Park, 1985).

2.3.1 Regional Hydrogeology

In Charleston County, less than 5% of domestic and municipal water used
is from ground water. Over 95% of the water supply for domestic and
municipal water coasumption is from surface water (Park, 1985). The
subsurface hydrogeology underneath NAVBASE Charleston (Figure 2.3-2)
consists of the shallow aquifer comprised of surficial sands, silts, aad
clays of Pleistocene age, which is underlain by the Coéper Formation
which acts 4s an effective regional confining zone. The surficial
aquifer is not a source of potable water in the area for the most part;
ground water in the shallow aquifer occurs under water table conditions
with recharge supplied by local rainfall. The Cooper Formation has a
thickness of approximately 200 feet. Underlying the Cooper Formation are
the middle aquifers which consist of the Santee Limestone (225-325 ft
BLS) and thg@Black Mingo Formation (325-725 ft BLS)., The Santee
Limestone exhibits a brackish quality ia the Charlestou area (Park, 1985)
and the aquifer is non-artesian in the Charleston area (Park, 1985). The
Black Mingo formation coatains an artesian aquifer which is more brackish
than that of the Santee Limestone. Inter-aquifer transfer between the

Santee Limestone and the Black Mingo formation aquifers ian the open hole

boreholes of the local domestic wells is common. Brackish water quality
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is accepted as the norm in these wells (Park, 1985). The Middendorf
Formation (below 1,900 ft) contains the principal aquifer of the Carolina
coastal plain. TIts Brackish quality and deep depth makes it an
unsuitable water source in the Charleston area, Tt is artesian in the

Charleston area (Park, 1985),

2.4 SURFACE HYDROLOGY

Runoff at the site is collected southwest of the tank farm and flows
northeast, entering the farm area directly south of tank 39-J. The canal
is wide and shallow southwest of the perimeter fence, and supports sparse
to moderate growths of aquatic and transitional grasses and plants at the
littoral zone. Towards the base farm perimeter fence, the canal narrows
substantially, while becoming deeper and less vegetated. A culvert
directs the flow underground and continues in a northeast direction
eventually counecting with the Cooper River. Velocity and direction of
the flow are influeaced by tidal changes occurring ia the Cooper River.
At the time of sampling, the flow was traveling northeast towards the
Cooper River, a flow traveling southwest was observed after the sampliag

effort due to tidal influence.

A pounded canal exists directly northwest of the undergrouand outfall
culvert of the main drainage outfall. This canal is oriented in a
perpendicular fashion to, and drains southeast directly into the main
drainage canal via a culvert. The small canal collects runoff from the
immediate surrounding areas composed of mostly grass and bare soil/rocks.
Little vegetation exists at the peripheral or littoral zoune of the small
canal. Section 3.3 describes the surface water/sediment sampling

location at the major drainage outfall adjacent to the site.
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3.0° INVESTIGATION METHODOLOGY
3.1 SOIL SCREENING AND SAMPLING

During the period from July 29 to July 31, 19846, a total of 43 shallow
soil borings were constructed at the NSC Base Tank Farm., These borings
included 28 exploratory borings and 15 additional borings to acquire soil
samples. The borings were coastructed to depths ranging from 2.5 feet to
6.5 feet below land surface using a 2-man power auger. Soil borings aad
soil sampling locations are shown in Figure 3.1-1 and Figure 3.1-2,
respectively. Decoantamination procedures, enumerated in the work plan,
were followed in the field investigation. The portions of the auger/
sampler which contacted the soil were cleaned between each sample
collected by wiping and brushing all visible soil away, followed by a
rinse with trisodium phosphate solution and laboratory distilled water.
A portable, pressurized sprayer was used to apply the water rimse. Prior
to the collection of each sample, the'auger flight and bucket sampler
were plunged into the matrix adjacent to the sample point to abrade any

residual from the previous sample as a final preparation.

The twenty-eight borings were constructed to identify areas of gross
contamination prior to sampling (see Figure 3.1-1). These soil borings
were inspected for visual iand #lfactory evidence of hydrocarbon contam-
ination. Fifteen additional soil borings were coustructed for the pur-
pose of acquiring soil samples after the initial screening was completed
(see Figure 3.1-2). Analytical results for these soil samples are

reported in Sectiom 5.1. Soil boring logs are included in Appendix A.

3.2 ‘MONITOR WELL CONSTRUCTION AND SAMPLIRG*

Seven permanent ground water monitor wells were constructed at the NSC

Base Tank Farm from July 28 to July 30, 1986. The locations of the new
monitor wells are shown on Figure 3.2-1. Each well was constructed by

the hollow stem auger method using 4-inch inside diameter (6-inch outside
diameter) auger flights. All drilling equipment was decontaminated be-

tween each boring by steam cleaning, spraying with deionized water, and

3-1
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rinsing with isopropanol. The boreholes were completed to depths of
approximately 15 to 25 feet BLS. The auger boring aad well construction
was supervised and logged by an ESE hydrogeologist. Boring logs and
monitor well completivn reports are included in Appendices B and C,
respectiv&ly. Each monitor well was coastructed with approximately ten
feet of Schedule 40 PVC, 0.010-inch slot size, threaded well screen, and
approximately five to fifteen feet of Schedule 40 PVC, threaded riser
pipe. The wells were coastructed by setting the PVC well screen and
riser pipe within the hollow stem augers. A clean silica sand pack was
installed in each annular space, from the base of the screea to approxi-
mately two feet above the screem as the hollow stem auger flights were
retracted from the borehole. A one foot thick bentonite seal was placed
in each annular space above the sand pack. The remaiaing annular space
was filled with a neat cement slurry to laad surface. Each monitor well
head was completed with a locking protective steel casing set into a
concrete antipercolation collar. Following coastruction, each well was
developed until the discharge water was reasoanably clear and silt free.
All of the monitor wells were developed by the hand bailing method with
dedicated PVC bailers, with the exception of Monitor Well CSC-3900-1,
which was developed with a ceatrifugal pump. This was the only monitor
well capable of producing a sufficient amount of water to pump contin-
uously. A typical monitor well construction diagram is shown on

Figure 3.2-2. Table 3.2-1 lists construction details for the new mounitor
wells. TIndividual monitor well construction details are presented in

Appendix C.

. An elevation survey was performed by the South Carolina registered

NAVBASE surveyor. Measuring point (MP) and land surface elevations in
refereace to mean low water (MLW) were obtained for each monitor well

location. This elevation data is presented on Table 3.2-2,

Prior to sampling, the new monitor wells were allowed to equilibrate for
eleven days. FEach monitor well was sampled on RugascT 151988, Prior to

sampling, monitor wells CSC-3900-1, CSC-3900-2, CSC-3900-3D, CSC-3900G-1
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Table 3.2-1. Construction Detail of Ground Water Monitor Wells

Well Installation Well Diameter/ Total Screened Well Head
No. Date Material Depth Depth Completion
(feet BLS) (feet BLS)

CSC-3900-1 7/28/86 2-inch/PVC 23 13-23 Protective
Casing/Locking Cap

CSC-3900-2 7/28/86 2-inch/PVC 23 13-23 Protective
Casing/Locking Cap

CSC~-3900-3D 7/29/86 2-inch/PVC 23 13-23 Protective
Casing/Locking Cap

CSC-3900-3S 7/29/86 2-inch/PVC 14 4-14 Protective
Casing/Locking Cap

CSC-3900G-1  7/29/86 2-inch/PVC 13 3-13 Protective
Casing/Locking Cap

L-€

CSC-3900H-1 7/30/86 2-inch/PVC 13 3-13 Protective
Casing/Locking Cap

cSC-39J-1 7/30/86 2-inch/PVC 18 8-18 Protective
Casing/Locking Cap

Source: ESE, 1986
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Table 3.2-2. Elevation Survey Data

Well. . Land Surface Elevation At Top of Metal
Identification (feet Above MLW*) Pipe (feet Above MLW)
CSC~3900-1 12.0 14.09
C5C-3900-2 10.2 12.32
CSC-3900-~3D 12.4 14,43
€SC-3900-3sS 12,6 14,27
€SC-3900G-1 11.0 13.04
CSC-3900H-1 11.8 13.36
CSC~39J-1 9.9 12.21

* MLW = Mean Low Water

Source: NAVBASE Surveyor-Cleetwood Droze, 1986
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and CSC-3900H~1 were purged a minimum of three casing volumes of ground
water., Because of extremely slow recovery times, monitor wells
CSC-3900-3S and CSC-39-J1 were purged of one and one-half, and two casing
volumes, respectively. During purging, field measurements of
temperature, pH and conductivity were taken. Section 4.3 includes the
final results of the field measurements taken on August 11, 1986, prior
to aquisition of the ground water samples. The samples were collected
with dedicated PVC bailers and traunsferred to laboratory prepared
containers. The samples were packed on ice and shipped to the ESE
laboratory for analysis. Sample chain-of-custody fbrms were included in
each shipment. Copies of the sample chain-of-custody forms are included

in Appendix D,

On May 18-19, 1987, the seven (7) ground water mounitor wells were re-
sampled. The purpose of the resampling was to further characterize the
hydrocarbon contamination within the surficial aquifer beneath the BTF.
Because drought conditions existed during the initial sampling program,
ESE recommended that ground water quality also be determined under normal

water table conditions by resampling at a later date.

Prior to sampling on May 18 and 19, 1987, the depth to ground water was
measured at each monitor well. After water level data were obtained,
each monitor well was inspected for the presence of free floating hydro-
carbons. A clear acrylic bottom entry bailer was used to withdraw the
upper portion of the water column from each monitor well (a bottom entry
bailer allows collection of a column of ground water in a relatively
undisturbed manner). The bailer was slowly lowered into the water column
within the monitor well. As the bailer was submerged the water entered
the bailer by displacing an inert teflon® ball which serves as a check
valve. As the bailer was retrieved, gravity and the weight of the column
forced the ball to set and seal the entry port. Only monitor wells
Toating Nydro-s
carbons. i Monitor well C8Cw»39J=1 demonstrated a strong odor and a dark

opaque appearance, possibly the result of natural biodegradation
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processes. FEach monitor well was purged by hand bailing a minimum of
five casing volumes of ground water before sampliag. The original,
dedicatéd, PVC bailers were discarded, and new, dedicated PVC baiiers
were utilized. The ground water collected from each monitor well was
analyzed at the time of sampling, in the field, for pH, temperature and

specific counductance.

3.3 SURFACE WATER AND SEDIMENT SAMPLING

One surface water and oane sediment sample were collected from each of the
locations shown on Figure 3.3~1. Sediment samples were collected at
approximately the same locations as the surface water samples. At each
location, the surface water samples were collected with pre-labeled con~
tainers by submerging and filling at mid-depth. Sediments were collected
by the grab sampling method using a disposable polyethylene scoop. Tem-—
perature, pH and conductivity measurements for surface water samples at
each location were recorded following field calibration. These field

measurements are presented in Sectioa 5.1

3.4 CHEMICAL ANALYSIS
All soil, ground water, surface water and sediment samples were analyzed

utilizing the following methods:

) pH, Temperature, Specific Conductance--These parameters were

analyzed for all ground water and surface water samples at the
.time of collection. A Hydrolab 4000® field instrument was used

following field calibration.

o Benzene, Toluene, Xylene--This is a purge and trap method (EPA

Method 602) applicable to the determination of benzene, toluene,

and xylene (BTX) concentractions.
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o Total Recoverable Petroleum Hydrocarbons (TRPH)-——The oil and

grease analysis by EPA Method 413.2 does not differentiate
between extractables of biological origin and the mineral oils
and greases of POL origia; therefore, the EPA Infrared Spectro-

photometric Method (EPA Method 418.1) for TRPH concentratious

was utilized,.

In addition to these analyses, the ground water samples collected on
May 18 and 19, 1987, included the analysis of PAHs by EPA Method 610,

which is summarized as follows:

o Polynuclear Arogggig"ﬁzgggggpbqqguggéggl——PAHs were analyzed by

EPA Method 610 which covers the determination of 16 individual
PAHs (EPA, 1984). The grouad water samples were extracted with
methylene chloride and the extract was analyzed using high
performance liquid chromatography (HPLC) with an ultraviolet

(uv) detector.

Results of chemical analysis are provided in Section 5.0.
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4.0 SITE HYDROGEOLOGY
4.1 LITHOLOGY

A cross section depicting the shallow lithology beneath the NSC Base Tank
Farm is presented on Figure 4.1-1. Soil boring logs detailed from the
well cuttings for the monitor wells constructed at the site are presented
in Appendix B. The lithologic materials encountered to drilling depths
of 25 feet below land surface include fine sand, clay, sandy-clayey silt

and marl. HNu/OVA readings were not done on these boreholes.

The site is underlain, from the land surface to depths of two to eight

feet, by brown to gray, organic sand and clayey fine sand. -Wlthis €ha
tank areas, the uppermost sands displayed black staining, with somes
borings exhibiting a black, tar-like substance and a strang pstreteum v

odor «(see soil boring logs, Appendix B).

A non—cdntinuous, clay, local semi~confining zone is present at a depth
of 2 to 20 ft BLS underneath the site (Figure 4.1-1). This semi-
confining zone is discontinuous in the area of soil boring CSC-3900-3D
and CSC-3900-3S and averages approximately nine feet in thickness. This
clay layer overlies a layer of silt and clayey silt of moderately low

permeability.

The shallow lithology, as depicted in cross-section A-A' presented in
Figure 4.1-1, depicts surficial deposits associated with the Talbot
Terrace and modified by the Cooper river. Cross—section A-A', represents
a perpendicular cross-section of north-south depositional features which
parallel and are associated with geomorphological modifications from the

nearby Cooper River.

Monitor well TIP readings were taken on May 19, 1987 prior to slug

testing. This data is summarized in Section 5.1.
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4.2 GROUND WATER ELEVATIONS AND FLOW DIRECTION

Drought conditions existed during the initial field investigation and for
several months during the summer of 1986. Water levels in the surfical
aquifer were several feet below normal during this time. Perched water
table conditions were observed in shallow monitor wells CSC-3900-3S,
C8C-3900G~1 and CSC-3900H-1., During the dry season, as the water table
receded due to lack of recharge from precipitation, local perching
apparently occured in the vicinity of monitor wells SCS-3900-3D and
CSC-3900-3S. This is due to local lemses of loamy sand upon which the
ground water from the shallow aquifer may perch within the upper

surficial sand lithologic unit.

Ground water level measurements were taken from each of the monitor wells
prior to purging and sampling on August 11, 1986. Surveyed measuring
point (MP) elevations for each monitor well were used to determine the
water table elevations in reference to mean low water (MLW). Water level
data are presented in Table 4.2-1. Ground water elevations determined
for the monitor wells were used to prepare water table contour maps.
Water table contours for the perched condition are illustrated on

Figure 4.2-1, and for water table conditions on Figure 4.2-2 (also see
Figure 4.1-1).

The ground water gradient oun August 11, 1986 was to the southwest within
the perched water table. Ground water flow patterns within the depressed
water table (see Figure 4.2-2) were radially outward in a northerly and
easterly direction on August 11, 1986. During the primary field investi-
gation performed in July, 1986, a perched water table occurred due to the
combined effect of a lowered water table condition in response to the
drought and recent precipitation infiltration which was held up on low
permeability, shallow soils beneath the BTF. GCtéund witde elévatiols
ehdsed By tiduld
changes and the close proximity of the Cooper Rivey, which is tidally-
influenced in the area of NAVBASE CHARLESTON. The field'investigation

within the water table aquifer may potentially be i

4-3
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Table 4.2-1. Water level Data for August 11, 1986 and May 18, 1987

Elevation of

Land 08/11/86 05/18/87 08/11/86 05/18/87 the top of

Monitor Sur face Measuring Distance To Distance To Water Table Water Table the screened

Well Elevation Point Klevation Water Table Water Table Elevation Elevation Tnterval

No. (feet above MLW)  (feet above MLW) (feet) (feet) (feet above MIW) - (feet above MIW)  (feet above MLW)

CSC-3900-1 12.0 14.09 6.78 5.21 7.31 8.88 -1.0
CSC~3900-2 10.2 12.32 5.61 4,57 6.71 - 1.75 -2.8
CSC~3900-3D 12.4 14.43 6.61 3.42 7.82 11.01 -0.6
CSC-3900-35 12.6 14.27 4,87 3.15 9.40 11.12 8.6
CSC-3900G-1 11.0 13.04 3.44 3.3 9.60 9.69 8.0
i CSC-3900H-1 11.8 13.37 4.09 2.11 9.28 11.26 7.8
CSC~39J-1 9.9 12.21 5.41 4.68 6.80 7.53 1.9

Source: MNAVBASE Surveyor—Cleetwood Droze, 1986
ESE, 1986
ESE, 1987



T e
[

RAIL CAR UNLOADING FACILITY
D —

HOBSON AVENUE

<

<

Ghivsf 6B Wumwmd B Geemm @ Gweut 8 heesl @ Sl @ Gy
e

N
N

L B B B B L B I I e it i I I e e e e ———————-————— e

39-0

RECREATION

]

W losns & Gt O oveas W Gl O SEEl G Gocamd 0 e @ baeww o8

PARKING
LOT

[TIDAL]

ADMIN. *NP” :
9.6 9.60; ; P
‘ ,1‘9-*“\ ;
__g] (\ / | \ < \
3301-A 9.5 —— —1
' /
]
A

3900-E

)

s

LoT

% NP

DRAINAGE OUTFALL

—t2__PARKING

3900-F

GRASSED RECREATION

AREA

/\(—7 |

NAVBASE CHARLESTON

Co
Qreg RIVER

LOCATION OF BASE TANK FARM

KEY:
—9.3-—WATER TABLE CONTOUR [FEET - MLWI|

* MONITOR WELL LOCATIONS AND GROUND
WATER ELEVATION

NOTE: NP- NOT PRESENT

0 100

FEET

Figure 4.2-1

PERCHED WATER TABLE CONTOUR MAP
AUGUST 11, 1986

e i e e

CHARACTERIZATION STUDY -
BASE TANK FARM
NAVBASE, CHARLESTON, S.C.

4-5




RAIL CAR UNLOADING FACILITY
D —— ]

HOBSON AVENUE

19

X 6.7

——

e

L-—.—.-—-*-

@ LOCATION OF BASE TANK FARM

NAVBASE CHARLESTON

l"/—
"
e <
O 53901 A ot /" ;
Q - I |
10 ﬂ / 2
b o
o 3900-E / 3900-G 2
92 . N P
A- — — 7.82 " 3
3 7 I 4
0.) A;' . ()
l RECREAT)ON ,\fo '
. ARE A- .
| S
. S |
N '
l \ * l
'z PARKING \ .
l LOT —— 3
3900- 3900-H ]
]
]
l ' KEY:
. . ——6.75—WATER TABLE CONTOUR [FEET-MLW]
l l %  MONITOR WELL LOCATIONS AND WATER
. GnAsssgaréicnsA ON TABLE ELEVATION ON AUGUST 11, 1986
- PARKING '
| 2—"LoT '
] *5.80
l ]
. 39-4 l f < §
l * 7.31 l‘L
] DITCH l
— = » o - o 100
DRAINAGE OUTFALL FEET

{TIDAL}

SOURCE: ESE, 1986.

Figure 4.2-2

WATER TABLE CONTOUR MAP CHARACTERIZATION STUDY -

BASE TANK FARM
NAVBASE, CHARLESTON, S.C.




D-NAVFAC.4~T/BTF-1IR.3
03/08/88

did not quantify this possible tidal effect. Although there may be a
minor tidal impact present at the site, this effect should not
significantly alter the overall groundwater flow direction at the site,

which is toward the Cooper River.

A water table contour map shown on Figure 4.2~3 was prepared from data
obtained during the resampling investigation on May 18, 1987 and pre-
sented on Table 4.2-1. The water levels measured at monitor wells
C5C-3900-3D and CSC-3900-3S did not vary more than .11 foot, indicating
that the water table had normalized since being affected by the drought
conditions which occurred during the summer of 1986 (see Figure. 4.1-1).
The water table contours on Figure 4.2-3 follow the same general pattern
displayed by the water table contours depicted in the Characterization
Study. The ground water movement is radially outward from the BTF 7
towards Cooper River to the north and northeast, and towards the drainage
basin to the west and northwest. The ground water gradient is steepest
(0.02 ft/ft) towards Cooper River to the northeast and the least

(.0005 ft/ft) to the northwest.

4.3 AQUIFER TESTING

Single well aquifer testing was performed following monitor well sampling
on May 18-19, 1987 on monitor wells CSC-3900-1, CSC-3900-2 and
CSC~3900G-1. The single well aquifer test is appropriate for determining
hydraulic conductivity within fully or partially penetrating well in
unconfined aquifers. The principle involves instantaneous displacement
of a volume of water in the well and measuring the water level within the
well over time as the well recovers. The hydraulic conductivity of the
aquifer can be determined by analyzing the resultant plot of water level

recovery versus time,
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Table 4.3-1 Summary of Slug Test Results for NSC Base Tank Farm

Slug In Slug Out Average Hydraulic
Test Results Test Results Conductivity
Well No. (cm/ sec) (cm/ sec) (cm/sec)
CSC-3900-1 4.23 x 1074 1.57 x 1074 2.90 x 10~%4
CSC-3900-2 1.21 x 10~4 2.12 x 1073 7.12 x 10™°
CSC-3900G-1 1.41 x 1074 2.47 x 1072 8.29 x 10~9

Source: ESE, 1988
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By substituting a maximum measured hydraulic gradient of 0.02 cm/cm, an
average hydraulic conductivity of 2.90 x 10™% cm/sec measured from the
slug in and slug out tests at monitor well CSC-3900-1, and a porosity for
sand of 0.3, an average ground water flow rate of 1.93 x 10> cm/sec or

20.0 ft/yr was determined for the sand.

By substituting a maximum measured hydraulic gradient of 0.02 cm/cm, an
average hydraulic conductivity of 7.12 x 1072 cm/sec measured from the
slug in and slug out tests at monitor well CSC-3900-2, and a porosity for
silt of 0.4, an average ground water flow rate of 3.56 x 100 cm/sec or

3.7 ft/yr was determined for silt.

— s wes U W e s an R BN R D BN S BN B
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5.0 CONTAMINATION ASSESSMENT
5.1 CONTAMINANT DISTRIBUTION

Field testing and laboratory analysis indicate that petroleum hydrocarbon
contamination of the soils and/or ground water has occurred in the
vicinity of tanks 3900-G, 3900-H and 39-J. Tables 5.1-1 through 5.1-4
provide analytical results for TRPH and BTX concentrations in soil,
ground water, surface water and sediment samples collected during the
July and August 1986 field investigation. Table 5.1-5 summarizes the
visual and olfactory observations during shallow soil boring construc-

tion.

Compared to the TRPH levels observed in the ground water, the soil and
sediment samples displayed high levels of TRPH countamination. For
example, TRPH councentrations in soils ranged from 39.5 to 9,010 mg/kg
(parts per million or ppm) while ground water samples contained 0.341 to
130 mg/1 (ppm). The differences in ranges of concentrations between the
soils and ground water reflect the high hydrophobicity of these petroleum-
related compounds (i.e., they exhibit a strong tendency to adsorb onto

solid materials such as soils in which they come into contact.

TRPH's were detected in all sediment and soil samples with the exception
of SB-8 and SB-9. As shown in Table 5.1-1, TRPH concentrations in soil
samples ranged from 39.5 mg/kg in soil boring SB-11 to 9,010mg/kg in soil
boring SB~6. Sediment samples SE-1, SE-2 and SE-3 contained TRPH concen-
trations of 135 mg/kg, 268 mg/kg and 43.9 mg/kg, respectively

(Table 5.1-4). BTX's were not detected in any of the soil or sediment
samples indicating that gasoline products were not released in this area.
Gasoline contains high levels of BTX compounds. Figure 5.1-1 shows TRPH
concentrations for each soil and sediment sampling location, and areas of
visual and olfactory evidence of contamination observed during the field

investigation. The shallow soil boring logs are presented in Appendix A.
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D-NAVFAC.4-T/BTF-HTRB511. 1

12/30/87
Table 5.1-1 Analytical Results for Soil Samples (Page 1 of 2)
Parameter Units Method Detection SB-1 SB-2 SB~3 SB4 SB-5 SB-6 SB-7
Limits *
Moisture % Vet Wt. 70320 - 18.9 60.6 7.0 13.1 15.3 16.6 1.2
TRPH me/kg (ppn) 98233  33.7 - 35.3 F80 © 46 130 on S0 Mo oo
Benzene we/keg (ppb) 34237  84.1 - 200 <102 <200 <89.4 <95.9 <98.4 <99.4 <84.1
Chlorobenzene vg/kg (ppb) 34304 84,1 - 200 <102 <200 <89.4 <95.9 <98.4 <99.4 <84.1
Dichlorobenzene,
Total pe/kg (ppb) 98578 8.1 - 200 <102 <200 <89.4 <95.9 <98.4 <99.4 <84.1
Ethylebenzene pg/kg (ppb) 34374 84.1 - 200 <102 <200 <89.4 <95.9 <98.4 <99.4 <8.1
" Toluene pe/kg (ppb) 34483  84.1 - 200 <102 <200 <89.4 <95.9 <98.4 <99.4 <84.1
i
" Xylenes, Total  pg/kg (ppb) 45510 8.1 - 200 <102 <200 - <89.4 <95.9  <98.4  <99.4  <84.1

Source: ESE 1986

Note: mg/kg = Milligram per kilogram
| pg/kg = Micrograms per kilogram

* Detection limits vary according to soil moisture content
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D-NAVFAC.4~T/BTF-HTR511,2

12/30/87
Table 5.1-1 Analytical Results for Soil Samples (Page 1 of 2)
Parameter Units Method  Detection SB-8 SB-9  SB-10  SB-11 SB-12  SB-13  SB-14  SB-15
Limits %
Moisture ‘ % Wet We. 70320 - 22.2 18.5 24.0 28.7 25.0 22.7 15.7 28.0
TRPH mg/kg (ppm) 98233  33.7 -~ 35.3 (35.3 <33.7 105 35 559 470 W - i
Benzene pe/kg (ppb) 34237  84.1 - 200 <106 <102 <109 Q117 <111 <107 <98.4 (<115
Chlorobenzene pg/kg (ppb) 34304 84.1 - 200 <106 <102 <109 <117 <111 <107 <98.4 <115
Dichlorobenzene,
Total pg/kg (ppb) 98578  84.1 - 200 106 <102 <109 <17 1t1 <107 98.4 <115
Ethylebenzene pe/kg (ppb) 36374  84.1 - 200 106 <12 <109 <117 <111 <107 €98.4 (115
o Toluene ug/kg (ppb) 3483  84.1 - 200 Q06 <102 <109 <117 <11l <107 <98.4 <115
]
w
Xylenes, Total  ug/kg (ppb) 45510  84.1 - 200 106 <12 <19 <117 <1l <107 <98.4 <115

Source: ESE 1986

Note: mg/kg = Milligram per kilogram
pg/kg = Micrograms per kilogram

* Tetection limits vary according to soil moisture content
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Table 5.1-2 Analytical Results for Ground Water Samples Sampled on August 11, 1986
Detection
Parameter Units Method Limits CSC-3900-1 CSC-3900-2  CSC-3900-3D  CSC~-3900-3S CSC-3900G-1 CSC-3900H~1 CsC-39J-1
pH s.U. Field - 7.1 7.9 7.6 7.8 8.0 7.7 7.7
' Temperature °C Field - 23.6 23.0 2.0 2.3 2.5 27.2 2.1

Conductivity prhos/cm Field - 12,600 38,500 24,300 22,200 5,320 3,800 31,200

TRPH pg/l 45501 183 - 194 <190 <19 <190 +130,000 2,850 3%1 <183

Benzene pg/l 3403D 1.00 <1.00 <1.00 <1.00 #.8 <1.00 <1.00 <1.00

Chlorobenzene pg/l 34301 1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00

Dichlorobenzene, Total pg/l 81524 1.00 - 3.00 <3.00 <3.00 <3.00 <3.00 <3.00 <1.00 <1.00

Ethylebenzene pe/l 3371 1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00
o Toluene pg/l 34010 3.00 <3.00 <3.00 <3.00 <3.00 <3.00 <3.00 <3.00
& Xylenes, Total pg/l  8I551  1.00 - 3.00 <3.00 $3.00 <3.00 <3.00 <3.00 <1.00 <1.00

Source: ESE 1986

i Note: S.U. = Standard Units
pmhos/cm = Micramhos per centimeter
pe/l = Micrograms per liter




D-NAVFAC.4-T/BTF-VTB513. 1

12/30/87
Table 5.1-3 Analytical Results for Surface Water Samples
Detection

Parameter Units  Method Limits Sw-1 SW-2 Sw-3
P S.U.  Field - 7.1 7.4 6.5
Temperature °c Field - 29.4 28.5 27.7
Conductivity wrhos/cm  Field - 26,000 27,900 26,700
TRPH pe/l 45501 184 -~ 190 <184 <190 <188
Benzene pg/1 34030 1.0 <1.00 <1,00 <1.00
Chlorobenzene pe/l 34301 1.0 <1.00 <1.00 <1.00
Dichlorobenzene, Total g/l 81524 1.0 <1.00 <1.00 <1.00
Ethylebenzene v/l 34371 1.0 <1.00 <1.00 <1.00
Toluene pg/l 34010 3.0 .00 3.0 <3.00
Xylenes, Total pg/l 81551 1.0 <1.00 <1.00 <1.00
Source: ESE 1986
Note: S.U. = Standard Units

pmhos/cm = Micronhos per centimeter

pg/1 = micrograms per liter
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Table 5.1-4 Analytical Results for Sediment Samples
Detection

Parameter Units Method Limits SE-1 -2 SE-3
Moisture % Wet We. 70320 - 36.8 33.7 17.8
TRPH me/kg (ppm) 98233 I A W o
Benzene pg/kg (ppb) 34237 161 - 211 <211 200 7 <16l
Chlorobenzene pg/kg (ppb) 34304 161 - 211 <211 <200 <161
Dichlorobenzene, Total pg/kg (ppb) 98578 161 - 211 <211 <200 <161
Ethylebenzene pg/kg (ppb) 34374 161 - 211 <211 <200 <161
Toluene ng/kg (ppb) 34483 161 - 211 <211 <200 <161
Xylenes, Total ng/kg (ppb) 45510 161 - 211 <211 <200 <161

Source: ESE 1986

Note: mg/kg = Milligram per kilogram
pg/kg = Micrograms per kilogram
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D-NAVFAC.4~-T/BTF-VTB515,1

03/14/88

Visual and Olfactory Observations During Shallow Soil

Boring Construction.

(Page 1 of 3)

Boring No.

(feet BLS)

Visual

Olfactory
Petroleum Odor
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None
None

None
None
None

None
None

None
None

None

None

Staining

None

None
None
None

None
None

Slight

None
None
None

None
None
None

None

None
None

Minor
Moderate

Minor
Moderate

Minor
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D-NAVFAC.4-T/BTF-VTB515.2
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Table 5.1-5 Visual and Olfactory Observations During Shallow Soil
Boring Construction, (Page 2 of 3)

Boring No. Depth Visual Olfactory
(feet BLS) Petroleum Odor
B-1 0-1.5 Slight
1.5~ 3.0 Oik/&ﬁtﬁtéiﬂy
H-2 0-1.0 Stained Minor
1.0 - 2.5 01k & Tagy Moderate
2.5 - 3.0 None None
H-3 0 -1.5 None ‘ Moderate
1.5 - 2.0 Stained Moderate
2.0 - 2.5 None None
H-4 0-1.5 None None
1.5 - 3.0 None None
H-5 0 - 1.5 None None
1.5 - 2.0 None None
2.0 - 3.0 None None
46 4 0-1.0 None Minor
1.0 205 Slight & Fonng
2.5 - 3.0 None Minor"
H-7 0 - 2.5 None None
2.5 ~ 3.0 None None
J-1 0-1.0 None None
1.0 - 2.0 None None
2.0 - 3.0 None None
J=-2 0-1.0 None None
1.0 - 2.0 None None
2.0 - 3.0 None None
J-3 0-1.0 None None
1.0 - 2.0 None None
2.0 - 3.0 None Slight
-Folyk 0-1.0 None Minor
1.0 - 2.0 None Moderate
2.0 - 3,01 ~ None TNy
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Table 5.1-5 Visual and Olfactory Observations During Shallow Soil
Boring Construction. (Page 3 of 3)

Boring No. Depth Visual Olfactory
(feet BLS) Petroleum Odor
J-5 0-1.0 None Minor
1.0 - 2.0 None Minor
2.0 - 3.0 None Moderate
J-6 0-~-1.0 None None
1.0 -~ 2.0 None None
2.0 - 3.0 None None
J=7 0 - 1.0&% None
1.0~ 2.0 None"
2.0 - 3.0 None Moderate
3.0 - 3.5 None Slight
J-~-8 0-1.0 None Slight
1.0 - 2.0 None Slight
2.0 - 3.0 None Slight
J-9 0-1.0 None Slight
1.0 - 2.0 None Slight
2.0 - 3.0 None None
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D-NAVFAC.4~T/BTF~CA.2
04/12/88

During ground water sampling conducted on August 11, 1986, monitor well
C5C-3900-3S contained one-half inch of a dark, viscous petroleum product
floating on the water table. Monitor well CSC~3900G-1 displayed a very
faint petroleum odor but contained no free product. The remaining wells
did not display any diffinitive evidence of hydrocarbon contamination.
The relationship of the top of the monitor well screens to the top of the
top of the water table is shown in Figure 4.1-1. The monitor wells were
installed during a drought, and three screened monitor wells were for
shallow intervals. Four monitor wells were screened for deep intervals.
Since the wells were installed during a drought, the water table eleva-
tion could not be readily determined at the time of installation and the
screened interval was set too deep for normal water table conditions.
Free floating product ‘canuot be determined accurately imithe gseund ‘watery
above the screemed interval. Nevertheless, Eround water samples were

e

found to contain TRPH concentrations o§§3&¥9ﬁ@ﬁ‘. F

S~

wg/ 1 indshallew #daitor well CSG*BQGOHP

o
respectively. Benzene was detected in monltor well CSC-3900-3D at a

concentration of 1.23 pg/l. TRPH and BTX concentrations were below detec-
tion limits at the remaining deeper monitor wells CSC-3900-1, CSC-3900-2,
CSC-3900-3D and CSC-39J~1. Figure 5.1-2 shows TRPH concentrations in the
ground water in the vicinity of monitor wells CSC~3900-38, CSC-3900G-1,
and CSC-3900H~1 on August 11, 1986. The surface water samples did not

contain detectable concentrations of TRPH or BTX compounds.

Monitor well organic vapor readings were taken utilizing a Total
Ionizables Present (TIP) organic vapor detector prior to the aquifer slug
tests on May 19, 1987. This data is summarized in Table 5,1-6. The TIP
data shows the same trend as the PAH and TRPH data with highest concen-
trations found in monitor wells CSC-3900-3S and CSC-3900-3D. The TIP
readings were taken in the monitor well headspace utilizing a teflon®

tube and silicon stopper.
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Table 5.1-6 Monitor Well TIP Readings Taken Prior to Slug Testing,

May 19, 1987

Well No. TIP* Time
(ppm)
CSC-3900-1 0.7 0715
CSC-3900-2 2.6 0819
€SC-3900-3D 16.9: 0844
CSC-3900-3S 21.0: 0849
CSC-3900G-1 3.4 0825
CSC-3900H-1 4.1 0905
CSC-39J-1 1.7 0731

* TIP - head space — silicon stopper - teflon tube

Source:

ESE,

1987
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On May 18 and 19, 1987, the seven (7) monitor wells were resampled. As
indicated on Table 5.1-7, the shallow ground water at the NSCBTF ranged
from moderately acidic at monitor well CSC-39J-1 (pH = 5.30) to slightly
alkaline at monitor well CSC-3900G-1 (pH = 7.60). Specific conductance
values ranged from 3,050 micromhos per centimeter (umhos/cm) to 33,500
umhos/cm with an average specific conductance value of 11,626 pmhos/cm.
This indicates dissolved solids levels of 2,000 to 20,000 milligrams per

liter (mg/l), with an average of 11,560 mg/1.

The analytical results did not detect the presence of any BTX compounds
normally indicative of gasoline contamination. Since gasoline contains
high levels of BTX compounds and no BTX compounds were detected, no
gasoline apparently was released at the site. TRPHs were detected in
monitor wells CSC~3900-3D and CSC-3900-3S at concentrations of 6.68 mg/1
and 9.41 mg/1, respectively. PAHs weré detected in each monitor well
ranging from & minimum of two compounds at monitor well CSC-3900-1 to a
maximum of twelve compounds at monitor wells CSC-3900-3D and CSC-3900-3S.
To evaluate the significance of the PAH analysis, total PAHs were deter-
mined for each monitor well by summing arithmetically the concentrations
of the PAH compounds present above analytical detection limits. Total
PAHs ranged from 0.6 micrograms per liter (pg/l) at monitor well
C5C-3900-1 to 1,861 pg/l at monitor well CSC-3900-3S. PAH compounds are
constituents of waste oil and diesel fuel, both of which had been stofed
in BTF.

The analytical results for TRPHs for ground water samples collected on
August 11, 1986 during a period of a low water table and May 18-19, 1987
during a period of a high water table show lower TRPHs for monitor wells
C8C-3900-3S8, CSC-3900G-1 and CSC-3900H-1 for the May 18-19, 1987 samples.
Increased dilution factors for the higher water table along with the fact
that the top of the water table was well above the well screens in these
wells may account for the observed differences in TRPH concentrations

between the two sampling periods. TRPHs and PAHs were observed for

5-14
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Table 5.1-7 Analytical Results for Ground Water Samples Sampled on May 18 and 19, 1987
Detection Monitor Well No.
Parameter Units Limits CSC-3900-1  CSC-3900~2  CSG-3900-3D CSC-3900-3S  CSG-3900G-1  CSC-3900H-1  CSC-39J-1
Water Temp. °C - 3.2 21.8 22.6 2.5 21.6 23.1 22.1
pH, field Std Uts - 5.30 7.10 6.90 7.00 7.60 7.10 6.30
Sp. Cond.
field @25°C umhos/em - 9750 33500 24600 21000 5880 3050 25600
Petroleun Hydrocarbons pg/1 217 - 260 <233 ¢¥J) 5,680 9.4 <222 <17 <260
PURGEABLE AROMATICS
Benzene ug/1 10 <10.0 <10.0 <10.0 ) <10.0 <10.0 <10.0 <10.0
Toluene ug/1 ] 20 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0 <20.0
Xylenes, Total ug/1 3 <3.00 <3.00 <3.00 <3.00 <3.00 <3.00 <3.00
POLYNUCLEAR ARCMATIC HYDROCARBONS
Acenaphthene ug/l 0.363 <0.363 <0.363 4.10 82.1 5.86 <0.363 <0.363
Acenaphthylene w/l 0.202 <0.202 0.377 <2.02 <10.1 15.2 <0.202 0.252
S Anthracene ug/1 0.023 <0.023 0.105 4.06 53.6 2.15 0.027 <0.023
G Benzo(a)anthracene ug/1 0.017 - 0.168 <0.017 0.035 5.37 16.1 <0.168 <0.017 0.019
Benzo(a)pyrene ug/1 0.029 <0.029 <0.029 0.644 3.61 0.302 <0.029 0.031
Benzo(b) fluoranthene ug/1 0.017 <0.017 <0.017 0.846 4.74 0.186 <0.017 <0.017
Benzo(ghi)perylene ug/1 0.059 - 2.96 <0.059 <0.059 <0.593 <2.96 0.593 <0.059 <0.059
Benzo(k)fluoranthene  ug/l 0.018 - 0.180 <0.018 <0.018 0.398 2.94 <0.180 <0.018 <0.018
Chrysene ug/1 0.012 <0.012 <0.012 0.999 7.75 1.86 <0.012 <0.012
Diben(a,h)anthracene  ug/l 0.715 - 3.58 0.425 0.287 <0.715 - <3.58 <0.715 0.287 0.383
Fluoranthene ug/l 0.049 <0.049 0.331 13.0 123 6.01 0.107 0.061
Fluorene ug/1 0.043 <0.043 3.3% 2.71 38.3 6.53 <0.043 1.62
Indeno(1,2,3-cd)pyrene ug/l 0.044 - 2.20 <0.044 <0.044 <0.440 <2.20 <0.440 0.4 <0.044
Naphthalene ug/l 0.15 <0.156 2.64 8.00 49.0 6.42 0.342 1.22
Phenanthrene ug/1 0.156 0.178 3.06 17.1 1410 24.3 0.782 0.387
Pyrene ug/1 0.048 <0.048 0.214 12.6 5.9 4.90 0.0% 0.050
Total PAHs* pe/l - L w e b ‘ L .

* Total PAHs include arithemic summation of detected campounds only.

Source: ESE, 1987
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monitor well CSC-3900-3D for the May 18-19, 1987 samples. CSC-3900-3D
was installed in the deeper portion of the surficial aquifer. The
observed contaminants in this well indicates vertical migration of
petroleum contaminants in the surficial aquifer. “iSGalsvh ik
amppifer.ivicontinuous baneath the site, varying: pedyvbly wertiephoed
boeknontal conductivity, vertical contamination af'm m L

of the surficial aguifer is occuyring. ;This .

——

aWQM§L¢nﬂ$yﬁuntmicht.ﬂgu;thrLum i® reached. The screened intervals in

the monitor wells are necessary to obtain representative ground water
samples from the upper, middle, and lower portions of the shallow
aquifer. The screened intervals have not breached any effective sub-
surface confining zone. Lenses of loamy or slightly clayey sand in the
surficial sand deposits may cause local perching of the water table.
However, these local lenses are discontinuous and do not form effective

coufining zones.

5.2 CONTAMINANT ASSESSMENT

As shown on Figures 5.1~1 and 5.1-2, and discussed in the previous
section, petroleum migration has occurred within the soils and shallow
ground water of the Base, Tank Farm. Petroleum within the soils sur-
rounding tanks 3900-G and 3900-H appears to have spread radially from the
tank bases. Petroleum within the soils in the vicinity of tank 39-J has

migrated to the western corner of the tank impoundment.

An examination of the borlng logs from monitor: e

| O50-3908 50" 08C-<3900~38, and CSC-3IN00W=L
former enuky 3900<4¢ snd IPOO-H' indicates subsurface;;\' et ;
veriicakly 5o a fepth of ‘approximately 8.0 ft tin this area. The approxi-

mate areal extent of this contamination, as shown in Figure 5.1-1, is

49,800 square feet, therefore, the approximate volume of the contaminated

soil is 398,400 cubic feet or 14,740 cubic yards.

5-16



D-NAVFAC.4-T/BTF-CA.5
04/12/88

in the

An examination of the boring logs from mowii

vipinigy of former -Bmmk. 38Jyshows subsurface iff_

cakly 4o a depth of-4.0 ft+ The approximate areal extent of thls
contamination, as shown in Figure 5.1-1 1is 6,000 square feet. The
approximate volume of the contaminated soils in this area is 24,000 cubic

feet or 890 cubic yards.

Based on the data for TRPH and PAHs, vertical migration of both free and
dissolved petroleum has occurred in the vicinity of tanks 3900-G and
3900-H. Based on this sampling and analyses, the significant PAH contam-—
ination is limited areally to the immediate vicinity of tanks 3900-G and
3900-H. Although PAH compounds were detected in the ground water at the
other monitor wells, the levels were very low in comparison. These PAH
compounds have very low aqueous solubilities and exhibit a strong
tendency to adsorb onto solid materials in which they come into contact
(i.e., exhibit a high hydrophobicity). The observed difference in total
PAH concentrations between the shallow monitor well CSC-3900-3S

(1,851 pg/1) and the adjacent, deeper monitor well CSC-3900-3D (70 ug/l)
indicates that although vertical migration of PAH compounds is evident,
attenuation of these compounds apparently is occurring. Additionally,
the differences in total PAH compounds between monitor well CSC-3900-3S
(1,851 pg/l) and the hydraulically downgradient monitor wells CSC-3900G-1
(74 pg/l) and CSC-3900-2 (10 pg/l) indicate that 51mllar attenuatlon is
occurring. CApparently, the PMliicbiipounds EiMENITRERLIGITEIRTI Y
predicted by their known high partition coefficients)

mpral BT drea oriasve Being diluted by ndbSRELNy

. apeentaminated ground water.

Monitor well casing, analytical, and water table elevation data are
summarized in Table 5.2-1. As previously described, the monitor wells
were installed during a record drought condition. The well screens of
the shallow monitor wells were intended to be installed to monitor the
extreme upper portion of the water column. Following equilibration, the
water table was slightly above the well screen. As shown in Table 5.2-1,

the monitor well analytical data shows that the upper portion of the
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| Table 5.2~1 Monitor Well Summary Table
Elevation
Top of Water Table
Monitor Date Sampled Well Screen Elevation TRAH Total PAHs
Well No. or Measured (Ft above MIW) (Ft above MINW) (ng/1) (pg/L)

CSC-3900-1 8/11/86 -1.0 7.31 <190

5/18/87 -1.0 8.88 <233 .00,0.6
CSC-3900-2 8/11/86 -2.8 6.71 <1%

5/18/87 -2.8 7.75 <222 10.4
CSC-3900~-3D 8/11/86 -0.6 7.82 <190

5/18/87 0.6 11.01 - "— 69.8
CSC-3900-38  8/11/86 8.6 9.40  WNWRG

5/18/87 8.6 11.12 9,410 1851
CSC-3900G-1 8/11/86 8.0 9.60 » 2,850

5/18/87 8.0 9.69 <222 73.7
CSC-3900H-1 8/11/86 7.8 9.28 . @?

5/18/87 7.8 11.26 1.6
CSC-39J-1 8/11/86 1.9 6.80 <183

5/18/87 1.9 7.53 <260 4.0

Source: ESE, 1988
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ground water column is significantly contaminated by PAH contamination in
the vicinity of tanks 3900-G and 3900-H. Low level PAH contamination
covers much of the project site in the lower portion of the ground water
column of the project. A comparison of the areal extent of the soil
contamination to the areal extent of total PAH ground water contamination
in the upper and lower portions of the surficial aquifer, is shown in
Figure 5.2-1. AlfSough she isopleths of the FHHAE PANE S
‘nferred;/ nnd the actusl shapa of the plume sy B BEECRE
the imstallation of sdditional ‘monitor welle wnd the: cofden
-samlysis of sdditional groundwater samples, the oversil volew
grouiidwater plume ‘should not be significantly diffevent.

As previously mentioned, TRPHs were detected in sediment samples

collected from the ditch and outfall located downgradient of tank 39-J.

It is probable that the sediment contamination is a result of previous
releases of petroleum, and not from ongoing migration of petroleum into

the surface water bodies. TRPHs were not detected in surface water

samples collected at the same locations. This indicates that significant ’
migration of petroleum to adjacent surface drainage systems through ‘v///
discharges of ground water via seeps or base flow was not occurring at

the time of sampling.

As discussed in Section 2.0, the shallow aquifer at NAVBASE Charleston is
not utilized for potable water supply. The specific conductivity of the
ground water samples suggests that the ground water in the vicinity of
the Base Taék Farm is high in total dissolved solids, likely due to
adjacent saline waters. This ground water, therefore, is not suitable

for potable use, agricultural use, or irrigation.

No primary or secondary drinking water criteria exists for the PAH
compounds detected in the ground water at this site. EPA has, however,
derived criteria that relate ingestion of water containing PAH compounds
to an incremental risk level for these potential carcinogenic compounds.

These criteria are based on an intake of 2 liters/day over a lifetime and
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a body weight of 70 kg. The criterion corresponding to a 102 incremen-
tal risk level for PAH compounds is 0.031 pg/l. Although the levels of
PAH compounds detected in the surficial aquifer at this site are above
this criteria, the ground water in the shallow aquifer at NAVBASE
Charleston is not utilized as a potable supply; thus, the contaminants in
the shallow aquifer do not appear to present an imminent human health

hazard.

The petroleum contamination in the sediments of the adjacent surface
drainage, however, poses a potential for adverse impacts to aquatic life,
particularly benthic organisms. Benthic organisms live and feed in the
sediments of aquatic systems and are less mobile than other aquatic life
(e.g. fish). Studies (Moore et. al., 1973) have indicated that toxicity
to benthic organisms occur at concentrations from 5 to 50 mg/kg (No. 2
fuel o0il); 100 to 6,100 mg/kg (fresh crude); and 2,000 to 2,500 mg/kg
(residual oils). Concentrations observed in the sediments during this
investigation ranged from 43.9 to 268 mg/kg. RnEERlE i
residued in the gediments, therefore, couldipotentia

daversity of the benthiec biolegical communit§i”
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6.0 CONCLUSIONS AND RECOMMENDATIONS

Petroleum release from tanks 3900-G, 3900-H, and 39-J has caused contam-
ination of soils, ground water, and sediment in the vicinity of the Base
Tank Farm. The contamination does not represent, in its present state,
an imminent hazard to human health, however, the petroleum-contaminated
soils in the vicinity of tanks 3900-G, 3900-H and 39-J are a continuing
source of contaminants to the ground water. Release of contaminants
occurs via leaching by percolating rainwater and/or saturation of the

contaminated soil by water table fluctuationms.

The State of South Carolina DHEC has generally classified all ground
waters of the state as Class GB (if the dissolved solids content is less
than 10,000 mg/l). The numeric water quality standards for Class GB
ground water are the primary drinking water MCLs. In considering
recommendations for subsequent actions at this site, it was noted that
The State of South Carolina DHEC will grant a mixing zone upon

demonstration that:

(1) reasonable measures have been taken or binding commitments are

made to minimize the addition of contaminants to ground water

RS—

and

(2) the ground water in question is confined to the uppermost
aquifer which has little or no potential of being an
Underground Source of Drinking Water (USDW), and discharge or
will discharge to surface waters without contravening surface
water standards; and

(3) the contaminant(s) in question occurs on the property of the
aﬁplicant, and there is minimum possibility for ground water
withdrawals (present or future) to create drawdown such that
contaminants would flow off-site; and

(4) the contaminants or combination of contaminants in question are

not dangerously toxic, mobile, or persistent.
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The surficial aquifer at NAVBASE Charleston is not being utilized as
drinking water source. The potential for migration in the surficial
aquifer is lateral towards the Cooper River. The Cooper marl with an
estimated thickness of 200 ft, forms an effective confining zone under-
neath the surficial aquifer. Because of this thick confining zone, there
is minimal potential for the contamination in the surficial aquifer to
reach the Santee Limestone which underlies the Cooper formation at a

depth of over 225 BLS.
Recommended remedial actions are as follows:

<§EEEE:>Since the petroleum contaminated soils provide a potential

continuing source of contaminants to the ground water, it is

recommended that a focused feasibility study be performed to
determine the most technically feasible methodology for site
rehabilitation. At a minimum, remedial alternatives should

include consideration of the following:

o Excavation of soils identified as having petroleum contam-
ination in the vadose zone in former tank areas 3900-G,
3900-H and 39-J. Following testing of the soil for
hazardous characteristic, soil disposal should be at an
approved waste disposal facility. After removal of these
contaminated soils, clean fill should be placed in the area.

(2) Based on the results of the focused feasibility study, develop
a Remedial Action Plan and following approval of the RAP, imple-
ment the remedial alternative selected.

6?)/ Following remedial action at the site, a ground water monitor-
ing plan utilizing the existing monitor wells should be
developed and submitted to DHEC. It is anticipated that once
the principal source of contaminants are removed (i.e., the
petroleum-saturated soils), restoration of ground water quality

at the BTF will occur. All soil that shows visible evidence of

by Tanktood o

I ! # - - . » oy . : .
}H"‘fr‘l‘w“:} vwrwfww ;‘fe!“',iw,xtuiwnfz Cofl }«w 4’-f-4%w&~wﬁ‘{f; Ml«”’,&&,—ﬁ (’m" &%,
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hydrocarbon contamination (i.e. petroleum-saturated soils) or
exhibits a head space reading of >5 ppm on an organic vapor
analyzer (OVA) equipped with a flame ionization detector should
be removed. This monitoring plan will insure that the remedial
action associated with contaminated soils at the site has
effectively controlled any subsequent ground water

contamination.



D-NAVFAC.4-T/BTF-BIB.1
04/12/88

7.0 BIBLIOGRAPHY

American Petroleum Institute. 1972. The Migration of Petroleum Products
in Soil and Ground Water——Principles and Counter Measures.
Washington, D.C.

Environmental Science and Engineering, Inc. (ESE). 1985. Work Plan For
the Characterization Study Base Tank Farm NAVBASE Charleston,
Charleston, South Carolina. ESE, Tampa, Florida.

Environmental Science and Engineering, Inc. (ESE). 1981. Initial
Assessment Study of Naval Base Charleston. Volume I. ESE,
Gainesville, Florida.

Moore, S.F., Dwyer, R.L., and Katz, S.N. 1973. A Preliminary Assessment
of the Envirommental Vulnerability of Machias Bay, Maine to 0il
Supertankers. Report No. MITSG 73-6 (Cited in EPA, 1976 '"Quality
Criteria for Water', Washington, D.C.).

Park, A. Drenman. 1985. The Groundwater Resources of Charleston,
. Berkeley, and Dorchester Counties, South Carolina. State of South
Carolina Water Resources Commission.

U.S. Department of the Navy. 1985. Map of Charleston Naval Shipyard

Naval Station and Contiguous Activities Existing and Planned as of
January 1985. Naval Facilities Engineering Command.

7-1



APPENDIX A

SHALLOW SOIL BORING LOGS



D-NAVFAC.3-T/BTF-APPA. |
03/14/88

APPENDIX A
NSC BASE TANK FARM

SHALLOW SOIL BORING LOGS

appears contaminated with tar like
substance, possible slight petroleum odor.

Boring No. Depth Description
G-1 0 1.5 Sand, brown, fine grained, minor petroleum
l odor.
1.5 3.0 Sand, gray, visibly appears clean,
petroleum odor emmitting from boring.
l G-2 0 1.0 Sand, brown, fine grained, minor petroleum
odor,
l 1.0 1.5 Sand, orangish-~brown, petroleum odor.
1.5 2.5 Sand, dark gray, tar like appearance,
I strong petroleum odor.
' G-3 0 1.5 Sand, light brown, minor petroleum odor.
l 1.5 2.5 Sand, dark gray to black, some clay, strong
petroleum odor.
l G-4 0 2.0 Sand, brown, earthy odor.
2.0 3.0 Sand, clayey, dark brown, no distinguish-
l able odor.
3.0 - 3.5 Clay, medium soft, pliable, moist, no dis-
tinguishable odor.
I G-5 0-1.0 Sand, brown, very slight petroleum odor.
1.0 2.5 Sand, clayey, black, strong petroleum odor
(no clay encountered).
G-6 0 0.5 Sand, brown, earthy.
l 0.5 2.5 Sand, clayey, dark grayish brown, visibly
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Boring No. Depth Description

G~7 0 - 1.0 Sand, gray, very minor petroleum odor.

1.0 - 1.5 Sand, very clayey, orange, minor petroleum
odor,

1.5 - 3.0 Sand, dark gray, minor petroleum odor,
slightly clayey, moist.

G-8 0-1.5 Sand, brown, no distinguishable odor.

1.5 - 2.8 Sand, grayish brown, earthy odor.
2.8 - 3.2 Sandy clay, very dark gray, possibly some
petroleum deposit at top of clay.

G-9 0~ 1.5 Sand, grayish brown, fine grained, no dis-
tinguishable odor.

1.5 - 2.5 Sand, light gray, fine grained, no dis-
tinguishable petroleum odor.
2.5 - 3.0 Sand, gray, no distinguishable odor.

G-10 0 - 3.0 Sand, brown, very minor petroleum odor near
3 feet, becoming more clayey with grayish
green clay at bottom of hole.

G-11 0-1.5 Sand, brown, minor petroleum odor.

1.5 - 3.0 Sand, dark grayish brown, strong petroleum
odor.

3.0 - 3.5 Clay, very dark gray, minor petroleum odor
at 3 feet, no odor at 3.5 feet.

G-12 0-1.0 Sand, brown, dirty, slight petroleum odor.

1.0 - 3.0 Sand, dark grayish brown, minor clay,
strong petroleum odor.

H-1 0 -1.5 Sand, brown, dirty, petroleum odor.

1.5 - 3.0 Clay, sandy. oil, tar like, very dark gray.

petroleum odor.
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Boring No. Depth Description
H-2 0-1.0 Sand brown, slightly clayey, dirty,
stained, slight petroleum odor.

1.0 - 2.5 Clay, dark gray to black, oily residue,
tarry, moderate petroleum odor.

2.5 - 3.0 Clay, slightly snady, light greenish brown,
does not appear visually contaminated, no
distinguishable odor.

H-3 0 -1.5 Sand, grayish brown, moderate petroleum
odor.

1.5 - 2.0 As above, black stained from 1.6 to 1.8
feet. ‘

2.0 - 2.5 Clay, blue green, stiff, no distinguishable
odor.

H-4 0-1.5 Sand, grayish brown, no distinguishable
odor,

1.5 - 3.0 Clay, blue, clean, stiff, no distinguish-
able odor.

H-5 0-1.5 Sand, fine grained, brown, no distinguish-
able odor.

1.5 - 2.0 Sand, clayey, grayish brown, no distinguish-
able odor.

2.0 - 3.0 Clay, orangish-brown, no distinguishable
odor, interbedded gray sandy lenses.

H-6 0-1.0 Sand, brown, slight petroleum odor.

1.0 - 2.5 Sand, clayey, dark gray to black, strong
petroleum odor.

2.5 - 3.0 Sand, very dark gray, petroleum odor, minor

greenish sandy clay at boase of hole.
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Boring No. Depth Description

H-7 0 - 2.5 Sand, brown, earthy oror, increasing clay
with depth.

2.5 - 3.0 Sandy clay, dark grayish-blue, no distin-
guishable odor.

J-1 0-1.0 Sand, brown, fine grained, no distinguish-
able odor.

1.0 - 2.0 Sand, clayey, brownish gray, no distinguish-
able odor.

2.0 - 3.0 Clay, snady, grading to blue clay, stiff,
no distinguishable odor.

J-2 0-1.0 Sand, brown, fine grained, no distinguish-
able odor.

1.0 - 2.0 Sand, clayey, brownish gray, no distinguish-
able odor.

2.0 - 3.0 Sandy clay, grading to blue stiff clay, no
distinguishable odor.

J-3 0-1.0 Sand, brown, fine grained.
1.0 - 2.0 Sand, clayey, brownish gray.
2.0 - 3.0 Clay, snady, gray, grading to blue clay,
stiff. Note: distinguishable "burnt"

odor.

J-4 0-1.0 Sand, brown, fine grained, slight petroleum
odor.

1.0 - 2.0 Sand, clayey, brownish gray, petroleum
odor.

2.0 - 3.0 Sandy clay, gray, moist, strong petroleum
odor,
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l Boring No. Depth Description
J-5 0-1.0 Sand, brown, fine grained; slight petroleum
I odor. '
1.0 - 2.0 Sand, clayey, brownish gray, slight
I petroleum odor.
2,0 - 3.0 Sandy clay, gray, damp, moderate petroleum
' odor,
J-6 0-1.0 Sand, brown, fine grained, no distinguish~
able odor.
l 1.0 - 2,0 Sand, clayey, brownish gray, firm, no dis-
tinguishable odor.
l 2.0 - 3.0 Sandy clay;, gray, hard, brittle, grading to
blue stiff clay, no distinguishable odor.
' J-7 0-1.0 Sand, brown, fine, moist, very strong
petroleum odor.
1.0 - 2.0 Sand, clayey, brownish grey, mosit very
l strong petroleum odor.
2.0 - 3.0 Sandy clay, bluish green, moderate
' petroleum odor.
3.0 - 3.5 Clay, blue-green, v. slight petroleum odor.
l J-8 0 -1.0 Sand, brown, fine, low moisture, minor
petroleum odor.
l 1.0 - 2.0 Sand, clayey, brownish gray, minor
petroleum odor.
2.0 - 3.0 Clay, bluish green, v. slight petroleum
odor.
J-9 0-1.0 Sand, brown, fine, dry, v. faint petroleum
' odor, almost nondistinguishable.
‘ 1.0 - 2.0 Same as above.
. 2.0 - 3.0 Sandy cllay, bluish green, no
1 distinguishable odor.
A-5
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é_?‘; ‘f::. j ;;3 gg §§ f:é'i §=_-3- D!x:m % Soil type, color, textire, consistency, samoler driving notes,
23 3 #2335 | 22 |32{23|°3| peer | = blows per foot on ‘casing, deoths wash water lost, oOserved
9| a | a 33 |a 332 3 ) fluctations in water [evei, notes on driiling sase, 2tc.
| | | Il 1 F o9 3|s|0-2; Sand gr. brown, dirty, petroleum |
T 1 E e ,
| e = 3 | 2=2; Clavey sand, v, dk gray-hlac
} i i ! ‘ ’ t- 3 srinnc D ok i
I B I e |
- = L !
i ) - ‘ -f .
T i
‘ ' =~ 3 6-10. Clavey Sand; becoming, s
! ! . ’ . ’ ' b,() _; : Mnfky ) : iim - !
T T T &3 o TR i
. ‘- = black (‘
’ ' : ’ ‘ l E EM 10=15 §”I¥ Muck: black. v, Sj--ipk)l ll
j } ::_ 2 U Maist
. LB ;
T T TTTE: :
A S T I ,',
T 1T :
] L Ed
| | ; i =~ 3 i
! l ! [ ' i oy -:I |
L s R
T TTiE g
P E ?
b = =i |
' ‘ =N :
| - ;
= = '
— Signea . Cate
Agpravea Zate
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ENVIRONMENTAL SCIENCE

- ESE AND ENGINEERING, INC.

Jos No
Client_NAVFACENGCOM Boring No. CSC~3900G~1 ,Date_7/29/86 Sheet . of __
Project BASE TANK FARM — Type of Soring o Rig___ CME 45
Lacauon of Sofing: - Casing used Size 2 Orilling mud used_None
> FT E. side Pad "G" Boring begun_1130  Soring completed 1205

Nater Lave 4-5 FT. Bls Ground Elevation __________ refered to_______
ﬂm! 1140 Damm
Cate 7/29/86 Field Party:_ D- omoak/ S. Klinzing
Ei} 3 3’35 E—i é-? %% ﬂ% oEPTH| < OESCR!PT!ON o
=H 3 | 23l | 35 (258922 ™ |38 Sail type, color, taxtire, consistency, samoier driving nates,
23 5 | 333 | 39 (33(23(%3 peer | 2 blows per foot on casing, depths wash water lost, oCserved

S a3 33 1a 32! 3 g fluctations in water levei, notes on drilling ease, atc.

[en]

0-1; Sand. gr-brn, pet. odar

_Petroleum odor, minor clay ('ig\ '

L
4-9; M“le sjh:x—Sand;l snn{n’r L4
dark Sray, wet, minor pet. odor:

-1l ion,

. petl sheen from nuck

w

|
|
1
|
!
!

e uclk

P pet. emulsificationh

—
wn

18-1 - aoft

N
o

e
o
Lol b ot bada bbb ot badada bl

| NUTE: Petroleum emulsifications

-+~~~ "1T--1+rrtr———l—r—tf—_- e — e 1

Yt e rpeprp e i e pep e e [ v frpe [ epefee feee e o

Libihbohly bbb s bty

L ‘ Signea . tate
Agoravea Zate
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—  ESE

Jot No.

Client NAVFACENGCOM

ENVIRONMENTAL SCIENCE
AND ENGINEERING, INC.

Boring No. CSC-3900H-1 Date _7/30/86 __ Shest___

i CME 45
Project Type of BoringAuger Rig
Lao,:auon of ixmg: ' Casing used _PVC Size_2: Orilling mud asaddm_

e of Pad “H"

Boring bequn_0900 . Soring c::muietec

West sid
‘Nater Lsve| FT BLS

Geound Elevation _______________referred 0
Time 0810 - Datum
Qate 7/30/86 Fieid Party: David Smoak
Lzl s | 8.2 |33 |3 138 8 z DESCRIPTION .
He 33 |58 /32/ 323 88 g Sail type, colcr, taxtire, consistency, samoler driving notes,
$3| F | 233 | 34 [32(35(33 o blows per foot on casing, deotns wasn water lost, acserved
S35 a T |53 |23 Ei 3 3 fluctiations in watar levei, notes on drilling ease, atc.
ed - 1 %]

o
g 7]

|
|
l !
i
|

L‘_Z_i__mda_dir.tx_b:mm,_ﬁina_pe.ﬁmmm____
adar, W .

w
Qe n

o
(o]
el ==

petraleun - odor

1

2=5.  Sandy Clay, v. dark gray f
7 r

1

|

o—/3; Silty sand, Muck, v. wet

i

7

gra ue, no st. odor |

9.0-14.0; Clav, v, depse, dry, biue
no anr :

-
v
=P 0

el bbata bbb bt o bata ba b Loy

14.5-15; Marl, greenish-gray, wet .

[l =

bt lll L l'll rpeprpg vy Ty e peopy v v Tmimm

bbb bbb bbb bas b e bt by

Signea Cate

Agoreved Zate
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aas vouns ENVIRONMENTAL SCIENCE
| ESE AND ENGINEERING, INC.

0-1; S

O

or }
2-4; Clay, sandy, blue-green moist '
L strong pefroleum odor 7
i

ozl 5 Clay; v. dk gray, dry,  stiff :

4,5-9.5:. (1 i i
pliabTe,” fo existing odor

2.0-14.>; Silty sandy clay, dk gray, no |

Jos No.
Client_ NAVFACENGCOM Boring No. CSC—39J—f15 .Oate_7/ 30R/_ 86 Sheet ___of___
] Type of Sori g CME—45
mm of Soring: Cispi.nq L.\sed"g Size Orilling mud used_None
West side of Tank Platform ".J" Boring beqm_____._ISm)aorinq Cm‘em'fld%%ﬂ—
Water Lavei 12.67' BLg Geound Elevation . referred o -
Time 1230 . : awm
Cate 7-31 Fieid Party: __David Smoak
| s | % 33 |3.13% s g OESCRIPTION
- 2.2 213588 2 |oepmH| < =2l = -
;;“ 3 fgi “‘3 ? 33| 3%a §§ ° N | 5 Soil type, color, textire, consistency, sampler driving notes,
g3 & EX 3o 133]=23|37% sxEr | 2 Diows cer foot on casing, depths wasn water lost, ooserved
S5 a4 | 37T a8 37|33 3| F 3 fluctiations in water levei, notes on driiling sase, atc.
2 - - Q v
| S
A
C
L

w

= PO

M disﬂ'gguish%hl%_ad.a.tkmnde:a&e____‘

Mo e, SticC y muc i

g |

Ky 15-18; clayey Muck |

15 Y '

_ above, moderate moisture ;

' ‘
| M
. U
|
2031 K[

o
Libalobehia bobbata be bbbt bbbt ol

<._._.___ -]t - {1 .

l' i l'l l"t I‘ll Wy ey f]1 Ty UL L Yyvjvpvyepypar LN L B

Ll chilibladabalaly L bbbl e bats

—— Signea Sate
Agproved Cate
B-7




APPENDIX C

MONITOR WELL CONSTRUCTION LOGS



AAAP 10/4/85

MONITOR WELL CONSTRUCTION

Logged By: SK Client: _ NAVFACENGOOM - South Div
Drilling Contractor; _S011 Consultants Location; NSC — Base Tank Farm
Driller's Name: Bubba Job Number: 86-/14

Well Number:. CSC-3900~1 Date/Time: Start _10:30  Finish

Comments (Lost circulation interval, Water level changes, Hole collapse interval, etc.):

Deoths in Reference
to Ground Level

Top of
. . 2.1 A - .
Protective Casing 1 ALS l Locking Cag
Protective Pipe Lo
2 ALS C ] Type, Diameter Steel, 43

Top of Weil Casing

SAWINSEN | o>} —+——— Cement/Gravei Pad
t Land surface

Top of Cemen

Bottom of
Protective Casing 2.9 BLS
v Full saturation ZO0'
Ground Water
Type of Grout Portland Type 1
Casing:
Type_EVC - Threaded
Diameter___ 2"
Couplings:
: Number Z
- Depths ___3 3 13
Top of 3
Bentonite Seal .A Type of Plug__Brainard-Killman
Tap of Grave! Pack 2 Geo Pellets
5. BLS a | Pack
13! ravel mack: gand-coarse quartz
Top of Screen 13 BLS Material
Sere e e _PVC- Threaded
Diameter __2_
Length
Slot Size 011
' ”
Bottom of Screen 257 Bore Hole Diameter 6
Total Depth
of Bore Hole
NOT TO SCALE
c-1



AAAP 10/4/85

MONITOR WELL CONSTRUCTION

Logged By: DS/SK Client: ___NAVFACENGCOM
Drilling Contractor: _Soil Consultants Location: __Base ‘ank Farm
Driller’'s Name: _James Middletan Job Number: .
Well Number:.  ¢SC-3900-2 Date/Time: Start _1300 Finish 1200
Comments (Lost circulation interval, Water level changes, Hole cbllapse interval, etc.):

Denths in Reference
to Ground Level

Top of '
Protective Casing 2.1 ALS ﬁl‘ Locking Cap

Protective Pipe .
Type, Diameter__4%" Steel

Top of Well Casing 2' ALS

CSTITTTS o) ~+—— Cement/Gravel Pad
LAN'I_‘ D slulﬁa e:::

Top of Cement -

Bottam of 3' BLS
Protective Casing

Ground Water 9.5' BLS| w
Portland Type I

Type of Grout

PVC sch. 40

Diameter <

Couplings:
Lypeb PVCZTh;eaded
umber
- Deptns 3' , 13"

Top of 3' BLS

Bentonite Seal v B .4 Type of Plug_Geopellets (Bentorite)
Top of Gravel Pack |

! Gravel Pack:
Top of Screen 13" 8LS L Materiaj_Silica (Med grain)

Screen:  pyC - Threaded
"] Type

3 Diameter _ 2
Length 10U feet

— Slot Size_0.010 inch

l‘lll.”I‘Illll|lll‘lll.l‘l.l‘l

23' BLS | oo 6 inch

Bottom of Screen Bore Hole Diameter
25' BLS

Total Depth
of Bare Hole

NOT TO SCALE
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AAAPR 10/4/85

MONITOR WELL CONSTRUCTION

Logged By: D. Smo§k — Client: NAVFACENGCOM

Drilling Contractor; __ 5011 Consultant’s Location:__Base Tank Farm

Driller's Name: __James Middleton Job Number: __Lust

Well Number:,  CSC-3900-3D Date/Time: Start _0815 Finish _0910

Comments (Lost circulation interval, Water {evel changes, Hole cbllapse interval, etc.):

Denths in Reference
to Ground Level

Top of 2.1 FT ALS . ,
Protective Casing - — Locking CaP_
Protective Pipe 4% inch
Type, Diameter 2
Top of Well Casing 2" L ALS
I AN | o=t~ Cement/Gravel Pad

Top of Cement-kand Surface f.

Bottom of

Protective Casing—2+2-FT BLS

8 FT BLS | 4

Ground Water

Type of Grout Portland Type I

— Casing:

Diameter 2 inch
Couplings:
“ype._BVC _Threaded
Number 2
— Depths }3 Ft., 3 Ft.
;°pt°f e saq > _FT BLS
entonite Se
7 FT. BLS .‘ Type of Plug Geopellet/Bentonite

Top of Gravel Pack

P . A .
Grav:,:at:;’;, Med. grain silica

13 FT BLS

Top of Scraen

Screen: TYMCO PVC slotted
Type

Diameter 2 _inch
Llength 1 0 feet

Slot Size 010 inch

23 Ft. BLS ) 6 inches
24 Ft. BLS , Bare Hoie Diameter

Bottom of Screen

Total Depth
of Bore Haole

NOT TO SCALE




AAAP 10/4/85

MONITOR WELL CONSTRUCTION

Logged By: D. Smoak

Driiling Contractor: Sails Consultants.—_ Location:
Job Number:

Driller’'s Name: __lameg Middleton

Navfacengcom

Base Tank Farm

Well Number:  (SC-3900~3S ) Date/Time: Start 0955 Finish _1045
Comments (Lost circulatiqn interval, Water level changes, Hole colilapse interval, etc.): 7/29/86
Very low permerbility - little water
Denths in Reference
to Ground Level
Top of 1.5 ALS i
Protective Casing Locking Ca?
Protective Pipe 6 inch
Type, Diameter nc
Top of Well Casing 1' ALS
APENED ———— Cement/Gravel Pad

Top of Cement—Land Surface J=.

Bottom of

Protective Casing—=3+3 FT BLS

Ground Water 4_FT BLS h 4

Top of 2 FT BLS
Bentonite Seal

Top of Gravel Pack-3—ET-BLS

4 FT BLS

Portland - Type I

Top of Screen

N HHHHN
i
L

T
W
M}
W

Bottom of Scrfgnws_ B

FT BLS
Total Depth
of Bare Haole

Type of Grout

Casing:
Type TYMCO PVC

Diameter__ 2 _1inch
Couplings:

Type Threaded

Number 1

Depths 4' RIS
Type of Plug Geopellets" (Bentonite)
Gravel Pack:

Material Silica; Med. grained

Screen: PVC Slotted

Type -
Diameter Z inch
Length 10 feer
Slot Size 010 inch

Bore Hole Diameter 6 inch

NOT TO SCALE



AAAP 10/4/85

"MONITOR WELL CONSTRUCTION

Logged By: _D. _Smoak Client: _NAVFACENGCQOM

Drilling Contractor: _Soil Consultants Location: _Base Tapnk Farm "PAD G"
Driller’'s Name: James Middleton Job Number:

Well Number:, CSC-3900G-1 Date/Time: Start 11:30  Finish __12:45

Comments (Lost circulation interval, Water level changes, Hole collapse interval, etc.): 7/29/86

Petroleum sheen and emulsification observed in boring material; Water Table encountered
at shallower depth than at other borings.

Deoths in Reference
to Ground Level

Top of 2 + FT ALS _
Protective Casing i‘ Locking Ca;?
Protective Pipe
; 6 inch
Type, Diameter

Top of Well Casing X2 FT ALS yP

| OAPBNGER m-o——- Cement/Gravel Pad
Top of Cement - :
Bottom of
Protective Casing Z FT BLS
Ground Water 4=3! BLS| ¥

Portland - Type 1

Type of Grout

Casir;g: PVC TYMCO
ype
Diameter__2 inch
Couplings: pyC Threaded
Type

Numb 1
Deptns 3 FT BLS
Top of 1 FT BLS
Bentonite Seal - Type of Plug_Geopellets (Bentonite)
Top of Gravel PackZ—H—B-LS—— !
' Gravel Pack: .
Top of Screen 3FTBLS ] Material Silica, Med Grained
£p 2% Bags
p Screen:
= T Type __PVC TYMCO - Slotted
- Diameter 2 _inch
-: Length U Leet
5 Slot Size___-010 1inch
13 FT BLS o .
Bottom of Screen s Bore Hale Diameter 6_inch

Total Depth —L3—ET BLS
of Bore Hole

NQT TO SCALE




AAAP 10/4/85

MONITOR WELL CONSTRUCTION

Possible Perched W.T.

Logged By: - Smoak Client: _ NAVFACENGCOM

Drilling Contractor: __S01ils Consnitants Location;__>a5€ !ank Farm

Driller’'s Name: _James Middleton Job Number:

Well Number:  -90-39008-1 Date/Time: Start 090o. Finish _1ggg
Comments (Lost circulation interval, Water level changes ,Hole collapse interval, etc.): 7/30/86

Deoths in Reference
to Ground Level

Top of 1.5 FT ALS

Protective Casing

Top of Well Casing 1 FT ALS

— BT
Top of Cement_Lﬂmf.ag.ﬁ._- -

B —

Bottom of

Protective Casing 3.5 FT BLS
Ground Water %X 5-ET BUsY
Top of 2 FT BLS

Bentonite Seal

4 FT BLS

Top of Gravel Pack-w—BLL—

Top of Screen

14 FT BLS

= —— ——

U H I

Bottom of Screen

Totai Depth 1.5 FT BLS
of Bore Hole

Locking Cap

Protective Pipe

Type, Diameter 6 inch

Cement/Gravel Pad

Portland - Type I

Type of Grout

Casing:  pyC sch 40

Type

Diameter < inch
Couplings:  threaded
Type T
Number
Depths 4 FT BLS
Geopellets
Type of Plug P
p :
vaaaégz, Silica med Grained
Smﬁiﬂ;e PVC Slotted
y
Diameter %Oii‘mht
Length ce
Slot Size 010 _inch
6 inch

Bore Hole Diameter

NOT TO SCALE



AAAP 10/4/85

MONITOR WELL CONSTRUCTION

D. Smoak ] NAVFACENGCOM
Logged By: Client:
Drilling Contractor: _Soil Consultants Location:_Base Tank Farm "J" Platform
Driiler’'s Namae: James Middleton Job Number:
Weil Number: CSC-39J-1 Date/Time: Start _1305 Finish ___1600
Comments (Lost cxrculatan interval, Water level changes, Hole collapse intervai, etc.): 7/30/86
No good water bearing 3 omes
Mostly day, sticky muck, draught conditions
Deoths in Reference
to Ground Lavel
Top of 2.4 FT ALS .
Protective Casing Locking Cap
Protective Pipe 6" Steel (Box Lid)
Type, Diameter
Top of Weil Casing 2.3 FT ALS ¥p
| SORDSRNEN | —TTTTY)- Cement/Gravel Pad

Battom of 2.6 FT BLS
Protective Casing

T B
Ground Water 12 FT BLS | &

Portland Type I

Type of Grout

Casing: PVC sch 40

Type .
Diameter__2_10Ch
Couplings:
Type_._PVC Threaded
Number .
- Deoths S° » ©
;C’Pt"f e Saq 223 FT BLS
entonite Sea T FT LS r Type of PlugGeopellets (Bentonite)
Top of Gravei Pack
8 FT BLS Gravel Pack: g;14ca-Medium grained
Top of Screen Material
S : "
o fyee _BUC Threaded "Triloc
Diameter 102flmt::h
Laength (<1=]
Siot Size 0,010 Inch
Bottom of Screen—o—LL BLS Bore Hole Diameter —0_10ch
Total Depth 18 FT BLS

of Bore Hole

NQT TO SCALE




APPENDIX D

SAMPLE CHAIN-OF-CUSTODY FORMS



ENVIRONMENTAL SCIENCE & ENGINEERING 06-26-86 *x%x FIELD LOGSHEET #*%x»

PROJECT NUMBER BEU0G-0£00 2PROJECT NAME: NAVY mv_ N LAB COORD.
NWS2SE : A -
SE #BTIS;ITE/STA HAZ? FRACT%IRCLE) DATE TIME PARAMETER LIST
*21587 NOSB5 0 c5-2 S S 20\af b /nees LLeUs Tt
*22  BBES8B6 055-3 SS ssg sV Y Sub IY00 [
*23  ( NBA=BET nc5-y SS SS sv A A3, o /
- |
+24  PRA=SBY » ;. SS SS(BY(SY sV § Jule J4 320
25 PRBER g (55 58(s9(Y SV T S0
"26 7 PRI3B3, 55 2 SS SS(EH(SY SV ATl 1530 e
x27 PRA~SE4 SS SS SS SV SV ¥ \
*28 PRA-SES - SS SS SS SV SV Y
*29 PRA-SE6 SS SS SS SV SV
=30 PCP-SE!1 SS SS SS SV SV
*31 PCP-SE2 SS SS SS SV SV
T +32 PCP-SE3 SS SS SS SV SV
*33 SS SS SS SV SV
34 SS SS SS SV SV
*35 SS SS SS SV SV -

:OTE -CHANGE OR ENTER SITE ID AS NECESSARY; UP TO 9 ALPHANUMERIC CHARACTERS MAY BE USED
~CIRCLE FRACTIONS COLLECTED. ENTER DA@E,TIME FIELD DATA (IF RERUIRED), HAZARD CODE AND NOTES
~HAZARD CODES: I-IGNITABLE C=CORROSIVE R=REACTIVE T=TOXIC NAST{ H=OTHER ACUTE HAZARD: IDENT! ‘
-PLEASE RETURN LOGSHEETS WITH SAMPLES TO ESE

SPECIFICS IF KNOWN

'THER FIELD NOTES FOR FIELD GROUP NWS2SE:

“Coudol olar s KO)\Q[ !



| | CLUSTZ
ENVIRONMENTAL SCIENCE & ENGINEERING 06-26-86 *x* FIELD LOGSHEET *#* FIELD GROUP: Nu@®@E- & -
PROJECT NUMBER 8€¢0T 000 PROJECT NAME: NAVY ——hii8 LAB COORD. BESvr=BNRE :
NWS2SE C-LusT-2 Te & Shanus °
Et# EITES—SE? ’HAZ? g‘gAggIggSéglggLE) lDATB TIME PARAMETER LIST d{%@
*2 é@L-sqﬁ’ SS SS SS SV SV O X
*3 séF-s#E' SS SS SS SV SV
*4 ssg-s 4 SS SS SS SV SV
*5 ssﬂEsas SS SS SS SV SV
*6 SSL&sms SS SS SS SV SV
*7 SSL{§E7 SS SS SS SV SV j
*8  SSL-BES8 _ SS SS SS SV sV
*9 "5 NSL-BE1 SS SS SS SV SV
«10 .. NSL-$E2 . 88 SS S8S SV sV
1, NSL;gpsyp» SS SS SS SV SV
o123 NSL-SE4- < 8§ SS SS SV SV
Naey3 o Nsni§ﬁ§ SS SS SS SV SV
<14 NSL-SE6\ SS SS SS SV SV
<15~ NSL-SEJ\zs. . SS SS SS SV sV
16 NSL-SE8' SS SS SS SV SV
7 - N?A-SEff*W - 8S SS SS SV SV
18 NPBA-SE2sv SS SS SS SV sV

SS

5] 55755 CoL 130 CLUST 7.

OTE ~CHANGE OR*ENTER SITE ID AS NECESSARY; UP TO\ 9 ALPHANUMERIC CHARACTERS MAY BE USED

-=CIRCLE FRACTIONS COLLECTED. ENTER DATE,TIME,FIELD D '
2 -g;,z,\m) -CODES': I-ICRITABLE C=CORROSIVE RREACTIVE T=ToXiC WAST{ H-OTHER Acu%Tu}:wsoI;Pl‘otlp}rfuzguslrg:ﬁ?c)s I ED?I%HZNARD CODE AND NOTES

;=~PLEASE RETURN LOGSHEETS WITH SAMPLES TO ESE

- T S S e iy S s Gt T W T ) VD P WD s T e U DI U W VO o ™ T D GO A T e WS . . Y T T = —— " ————— —— - - - — Y W W W = e —————— ———— - —

" ZPRELINQUISHED BY: (NAME/ORGANIZATION/DATE/TIME)

BaSchaliere s £5E° EXEY

2 22 ____________________________ (220 ____




PNVIRONMENTAL SCIENCE &

PROJECT NUMBER -8600:0m8000u~

R T Y P Y 2

SN NN NIN TES NEN SEN GON NN SN RN MBS M B e

FIELD LOGSHEET **x FIELD GROUP: NWS2SE
LAB COORD. EXSik=BARE

ENGINEERING 06-26-86 LA
PROJECT NAME: NAVY - NWS

—

* [ e ~LUST = . "/
! ESE #GTFSITE‘STA HAZ?/ FRACTIMN RCS;S) t D%'.I‘ TIME PARANETER LIST dﬁj g/?/q /ﬁ\‘
#2178 o s S5 SSEIEY SV 2(3 928 (L UYST 2 ©
520 5 m—\, |, 55 55 CORVISY N TS : ‘
2\ B2 mmmamy |l 55 55 Cslou)sy zJsiffe 030 /
W30 *Wo[f Wmmm— .. SS SS(SYEV)SV 2/2! loe /
o1 S0 S ., SS SS%%SV 2/2/86 _jus [
‘g2 W%, T~ o, SS SS sV 2/3(86 ;30 |
*33+ P L wmmees v 55 55GE)EY sv [ fa6 1145 / :
i‘@p‘;gg/— 5544 SS SS X% ?/3,/;‘ 1200 ‘ \l/
¢ %29, PRR-SE6 SS SS SS SV SV
. 430]  PCP-SEI SS'SS SS SV SV ~
{9 *81  PCP-SE2 SS SS SS SV sV \
f}‘” *13 PCP-SE3 SS SS SS SV SV
T *3f SS SS SS SV SV
b ‘_
7 REL SS SS SS SV SV
i +3s\ SS SS SS SV SV

NOTE -CHANGE OR ENTER SITE ID AS NECESSARY; UP TO 9 ALPHANUMERIC CHARACTERS MAY BE USED

-HAZARD CO

— . — T P G S W . o e = A " ———— o > s s P o Gl . e S - — — —— — A S— Gia Vv V" - T —— . —— - —— " o —

D LK s rtrhmird e BT, T LR
'
\
-

- - " — > (P T G A W D D T S G WS Ve G v

~-CIRCLE FRACTIONS COLLECTED. ENTER DATE,TIME
DES: I-IGNITABLL C-CORROSIVE R-REACTIVE T-TOXiC WAST{ H=OTHCR ACUTE WAZARD: IDENTI

-PLEASE RETURN LOGSHEETS WITH SAMPLES TO ESE

—————— T . — - ———— —— " ——— ———— —— - ————— — ——— -~ — —— ———— At . —_n — —— —— —— = — A i —— e " S - — e o - —— - — — . ————— ——— . — s~

FIELD DATA (IF RERUIRED), HAZARD CODE AND NOTES

SPECIFICS |F KNOWN

. Y ——— n e - — ——— U e —— T — — o e - ——— " - —— — — . ", —— A ——— —— — i " " ———— . w— — "~ ———

%:..OTHER FIELD NOTES FOR FIELD GROUP NWS2SE:

TavE “H" Arca
Tave “J* Area



R e L - . e
ENVIRONMENTAL SCIENCE & ENGINEERING 06-03-86 %+ FIELD LOGSHEET ¢« - FIELD GROUP:;CLUST!
PROJECT NUMBER 86401V0418 PROJECT NAME: CHARLESTON LUST PROGRAM LAB COORD. m’;« 187, ;.
CLUST1 Ny

ESE & SITE/STA HAZ?_ FRACTIONS(CIRCLE) DATE TIME  ramamever LS

*1 OO0 VP VP VP CLOST A\
*2 0O VP VP VP CLUST1 P
*3 O VP VP VP CLUST1
4 O VP VP VP CLUST1
*5 O VP VP VP . A CLUST1
*6 O VP VP VP CLUST1
*7 O VP VP VP CLUST1 N
*8 O VP VP VP CLUST)
*9 0O VP VP VP CLUST1
*10 ©O0 VP VP VP CLUST1

o W O VP VP VP . CLUST1

& *12 O VP VP VP CLUST1 N

g.. CLUST1 jaopp
\ &J‘ -~

*16 CLUST1

NOTE -CHANGE OR_ENTER SITE 1D AS NECESSARY% UP_TO 9_ALPHANUMERIC CHARA S MAY BE USED

~CIRCLE FRACTIONS COLLECTED. ENTER DATE,TIME,FIELD DATA (IF REQUIRED), HAZARD CODE AND OTﬂé
t -HAZARD CODBS? X-ISNITABLE C-CORROSIVE ReREACTIVE TeTOXiC MASTC HI=OTHER ACUTE HAZARD: IDENTITY SPECIFICS ‘IF KNOWN .

o ~PLEASE EETURN LOGSHEETS WITH §AHPL§§_TO‘BSE L ' .
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